Exercise and physical therapies are increasingly being considered as a lifestyle intervention in people with Huntington's disease (HD). In addition to possible effects on motor function, there may be benefits in mood, behaviour and cognition from early in the disease. Certainly exercise may also infer general health benefits and there are recent suggestions that exercise may indeed potentiate disease modification. This review provides an overview of a strategic approach to the development and evaluation of complex exercise interventions in this neurodegenerative disease with a view to informing future clinical trials.
As such, individuals with a family history of HD can choose to be tested and can establish if they will eventually get the disease. Some individuals choose not to know whether they carry the gene for HD, or are too young to be tested and are therefore considered at risk. For both the premanifest (those with a positive gene test but not showing symptoms) and at risk groups (those who have not taken the genetic test), there is the potential to develop interventions that can change the course or delay the onset of the disease. There is some evidence to suggest that lifestyle factors, such as activity level and education, may impact age of onset. 2, 3 Many factors can influence age of onset and extensive research is being conducted into identifying biomarkers. In people who are at risk or who are premanifest, the potential for lifestyle management and exercise as an intervention is intriguing.
Even before the onset of clinical symptoms, in the so-called prodromal phase, there is a slowly progressive loss of brain volume and degeneration of the basal ganglia. 4 Despite relatively widespread degeneration, clinical symptoms may not be evident for up to 10 years from the start of these neural changes. At this stage and in early onset HD, the development of compensatory networks may account for the lack of overt clinical signs, as new connections are developed to take over from damaged ones. These networks have the potential to be facilitated by experience and environment. Furthermore, it has been suggested that motor training may be one approach that can help to drive compensatory neural networks, 5 thus compensating for the failing brain. In addition to possible effects on motor function, these therapies also have the potential to affect mood, behaviour and cognition from early in the disease. 6, 7 Over the past 6 years, the Cardiff Physiotherapy Group has taken a staged approach utilising the Medical Research Council Framework 8 , to develop exercise and physical interventions for people with HD. Our group has consulted with users, lay bodies and healthcare professionals to develop structured exercise interventions and identify barriers and facilitators to exercise in this population. 9 We conducted the first randomised, controlled feasibility study of a defined, short-term, home-based exercise intervention in people with HD 10 and have recently completed a mixed methodology, randomised feasibility study and process evaluation of a supported community-based gym exercise and walking programme.
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Additional controlled feasibility studies are currently underway or in set up, each with the aim of further advancing our understanding of different modes of exercise. Here, we describe our work to date and put forth suggestions for critical features of exercise studies based on our experiences in designing and delivering interventions in this population.
Design and Delivery of Exercise-based Interventions in Huntington's DiseaseCardiff Experiences

Home-based Programmes
Move to Exercise was a pilot study designed to evaluate a purposedeveloped home exercise DVD in people with HD. Of 69 studies in PD (n=51) and dementia (n=18), only 39 included a comparator arm. Main controls were physical (n=32) and social contact (n=7). The potential beneficial effect of social contact cannot be overlooked in exercise or physiotherapy interventions in people with neurodegenerative disease, particularly when the outcomes are related to quality of life or cognition. While it is important to first establish proof of principle, it is crucial for more studies to include comparator arms to properly tease out any intervention effects.
One potential issue with a DVD-based exercise programme, such as Move to Exercise, is that it is not individualised or context specific to the person's home environment (an aspect known to be required to ensure consistent learning and carry-over of new motor skill). 14 It may be that some people with HD (particularly in the mid-stages) would benefit more from intensive, one-to-one therapy, where adherence and safety can be assured and in addition individual progression specific to a person's particular clinical and social needs can be accommodated.
In order to address these issues, we designed a home-based Delivering interventions in a person's home has two important benefits. First, it is likely to improve recruitment and adherence to the programme by eliminating the need for participants to travel to a centre for service delivery. Second, physiotherapy provided in the home setting is by nature context-specific and is likely to be more relevant and meaningful to the participant to promote more effective outcomes with improved goal setting. 15, 16 Although such an approach requires increased travel time for the therapist and possibly increased isolation for both the therapists and people with HD, providing therapy at home puts fewer burdens on the patient and their family. 17 The benefits of a programme based on task-specific practice as a means to improve functional abilities and task performance have been documented in individuals with neurological conditions such as stroke and PD. 18, 19 Task-specific practice involves practice of a tasksuch as walking, rising from a chair, or reaching -using repetitions, alterations of the environment and modification of the conditions of the task as a means of progressing task difficulty. 20 In addition to functional improvements, task-specific practice has been associated with neuroplastic changes within the cortical and sub-cortical areas of the brain, 21, 22 indicating learning has occurred. to go to the gyms and enjoyed the social interaction the gym setting provided. 23 However, some participants found it to be a threatening environment and had concerns about how they were perceived in public. In addition, significant numbers of individuals approached for this study during recruitment chose not to enrol when they were told the exercise was taking place in a gym. We therefore propose that in order to develop a successful exercise intervention that is acceptable to a wide number of people with HD, it is important to include personal preferences in terms of exercise environment to facilitate participant uptake and adherence.
Gym-based Programmes
To this end, our group has now developed a protocol that is designed to test the feasibility and potential benefit of an aerobic exercise programme in people with very early stage HD. Similar work has been conducted in patients with mild cognitive impairment 24 with promising results. Our proposed study (EXeRT) will incorporate the personal preferences of the participant in terms of location and mode of exercise, and individualised goal setting will be central to the programme. This trial has two arms: a) 12-week exercise training with aerobic and anaerobic training components (intervention group), and b) a control group asked to continue as normal.
The intervention group will complete a 45-minute structured exercise intervention three times per week and the intervention will take place either in a community-based gym, or in cases where access to a gym is restricted or is not the personal preference of the participant, the intervention will take place in the participant's home with exercise equipment provided. Regardless of whether exercise is undertaken in a gym or at the home, the session will follow a set programme that will include a 10-minute warm up and stretches, followed by up to 30 minutes of exercise (treadmill, elliptical trainer or stationary bike)
within an aerobic zone. Considering the suggestion that people with HD may have a lower anaerobic threshold than healthy individuals, 25 and furthermore the sedentary nature of people with HD, we will initially train individuals at the lower end of the 75-85 % of heart rate (HR) reserve range (peak HR minus resting HR, where peak HR is determined by the incremental bike test). Rating of perceived exertion (RPE, CR10 scale) and HR will be monitored.
This study will incorporate increased exposure in accordance with frequency and intensity exercise prescription protocols, which extends upon our previous work in COMMET-HD. 11 Our proposed intervention will be more frequent than previous interventions and will be closely monitored by trained therapists to ensure a specific training effect from exercise.
Critical Features of Exercise Study DesignsLessons Learned
While research in the area of exercise and physical activity in HD is in its infancy, pilot and feasibility data from our recent studies has already yielded important knowledge, which can be translated and applied to future research. Here we provide a summary of the key study design considerations for exercise and physical activity studies in people with HD.
Adherence
Documenting adherence and understanding barriers and facilitators to adherence to exercise programmes is essential to effective translation of clinical research. In our studies to date, adherence has been the primary measure; if individuals do not or will not adhere to a programme, its utility in the real world is limited. Accurate adherence data is best obtained by direct observation and one-to-one sessions, such as those provided in our studies to date (allow for use of session logs documented by research staff). For home programmes, exercise diaries are often used.
Utility of exercise diaries do depend, however, on participant self-report.
They must therefore be easy to use and should ideally be reviewed at least weekly with the research staff. Reasons for missed sessions should also be documented.
Outcome Measures
There 
Use of Mixed Methodology
Exercise is a complex intervention where the activity itself and the local, social and environmental contexts interact to produce the outcome that is measured. 8 
Goal Setting
While HD is a degenerative, neurological condition, the importance of setting goals that result in positive changes in participation, lifestyle or daily living scales cannot be overstated. Use of tools such as Goal Attainment Scaling (GAS) 27 can help patients to identify a specific focus and purpose of an exercise routine. We have successfully utilised the GAS in TRAIN-HD, as a means to develop and evaluate a collaborative training programme. While GAS should not be utilised alone as a primary outcome measure, it can be a sensitive measure of change in complex interventions such as TRAIN, where the focus of the intervention is functional and task-specific training. 28 As Turner-Stokes points out, GAS provides a person-centred perspective and can support interpretation of results from standardised outcome measures.
Choice of Exercise
Based on our extensive consultations with people with HD and our prior research in this area, we know that patients with HD need flexibility in terms of access to exercise facilities. For people with HD, behavioural and cognitive impairments, such as apathy, and difficulty in planning, organising, sequencing and prioritising their daily activities, can significantly impact on their ability to initiate and adhere to an exercise programme. 29, 30 Consideration of these disease-specific factors, as well as understanding personal preferences and how they may change with the presence of a disease or disability, 31 is necessary to successful implementation of any exercise-based programme. We therefore suggest that future studies incorporate a structured, mixed delivery approach that can be modified according to personal needs to facilitate people with HD to engage in exercise. Even though there will be some differences in intensities or specificity of training, the important factor is that an increase in overall physical activity is achieved.
Structure and Support to Help People with Engagement
Due to the nature of this disease and the complex interaction of both motor and behavioural symptoms in people with HD, we believe that a high level of structure and support is crucial for the successful uptake of exercise and physical activity intervention. Furthermore, this structure is important to facilitate the potential for those receiving the intervention to develop the skills to participate independently in an exercise programme on completion of a particular study. Indeed the promotion of self-efficacy and self-determined lifestyle changes in relation to physical activity are essential in supporting sustained exercise habits.
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Optimal Dose Response 33 has yet to be determined.
To this end, in future work we plan to measure fatigue specifically, both as an outcome measure and as a potential adverse effect of the exercise intervention.
Forward-thinking -The Future of Physical Therapies in Huntington's Disease
It is clear that the changing clinical needs of the person with HD require stratified treatment approaches; the ultimate goal for our group is to provide a range of evidenced-based intervention strategies for people at varying stages of HD, based on their specific clinical presentations.
Here we present some of the lessons that we have learned along the way that we believe are critical to the design of future trials. We further recognise the importance of mechanistic evaluation in future exercise studies. Contemporary brain imaging techniques including structural and functional magnetic resonance imaging as well as diffusion tensor imaging will be important in future studies. [34] [35] [36] [37] Before Phase III trials are implemented, we believe that exercise interventions need to be appropriately described for implementation 
